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SPECIFICATION 

1. TITLE OF THE INVENTION 

APPARATUS FOR MANUFACTURING SINGLE CRYSTAL 

2 . SCOPE OF CLAIM FOR A PATENT 

(1) An apparatus for manufacturing a single crystal, 
characterized in that: 

a primary crucible is moved toward a 
low-temperature-gradient side in a heating furnace so as 
to single crystallize a melted material accommodated in 
said primary crucible; 

a secondary crucible having a melted-material 
reservoir is positioned in said primary crucible; and 

the melted material in said secondary crucible can 
be added to said primary crucible. 

(2) An apparatus for manufacturing a single crystal 
as claimed in claim 1, wherein said secondary crucible 
includes an inner container having an overflow hole and 
a bottomless outer container. 
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3. DETAILED DESCRIPTION OF THE INVENTION 

(A) Field of Industrial Application 

The present invention relates to an apparatus for 
manufacturing a single crystal by the Bridgman technique, 
and particularly to an apparatus for manufacturing a single 
crystal, the apparatus being adapted for manufacturing a 
Mn-Zn (manganese-zinc) ferrite single crystal etc* used 
as a material for a magnetic head of a VCR, an electronic 
camera, and a floppy disc drive etc. 

(B) Prior Art 

This type of single crystal is generally manufactured 
by a method disclosed in ""Engineering Materials", Vol. 32, 
No. 4, pp. 47-51, Paragraph ""Applications and 
Characteristics of Ferrite Single Crystal", and p. 49, 
Paragraph ""1. Bridgman Technique" in particular. 

According to this Bridgman technique, a crucible 
charged with a sintered material is moved at a 
predetermined low speed in a furnace having a predetermined 
temperature distribution so as to grow a seed crystal in 
the crucible. However, it is difficult to uniformly 
manufacture a single crystal having a crystal orientation 
which requires that the furnace have a nonsmooth 
temperature distribution. As methods for supporting and 
moving the crucible in the furnace, there are a method for 
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inserting, into a furnace from below, a heat-resistant 
recrystallized alumina tube (a crucible receiving tool) 
so that a platinum or platinum-rhodium crucible is put and 
supported on the tube, and a method for attaching a 
platinum- rhodium suspension wire to the crucible so as to 
suspend the crucible in the furnace from above* 

However, in respect of mass productivity and 
uniformity of a single crystal, the former method in which 
a material adding system is easily used is superior to the 
latter method. 

A structure of a core portion of an apparatus for 
manufacturing a single crystal according to the former 
method will be described below with reference to Fig. 3. 

In the figure, reference numeral (1) denotes an 
alumina core tube; reference numeral (2) denotes a platinum 
crucible moving vertically in the core tube; and reference 
numeral (3) denotes a crucible receiving tool. The 
crucible (2) is composed of a cylinder of which a lower 
portion narrows to a funnel . The crucible (2) further has, 
at a lower end, a bottomed seed pipe (7) for containing 
a seed crystal. The crucible receiving tool (3) is a 
cylindrical body made of recrystallized alumina . An inner 
diameter (8) of a head portion (3A) is smaller than an outer 
diameter (2) of the crucible (2) . As shown in the figure. 
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a lower portion (2A) of the crucible is accommodated and 
held by the cylindrical body. A lower portion of this 
crucible receiving tool (3) is supported by a base (10) . 
A driving mechanism (11) drives this base (10), thus moving 
vertically the crucible receiving tool (3) and the crucible 
(2) in the core tube (1). 

According to the Bridgman technique, especially when 
an external air flow is not introduced into the core tube 
(1), it is desirable to use a large-capacity electric 
furnace since a temperature distribution of a crucible 
surface becomes smooth, and there is a small possibility 
that a crystal orientation of a grown single crystal 
changes. However, there is a disadvantage that when a 
Mn-Zn f errite single crystal is grown, the partial pressure 
of oxygen is lowered, and it becomes difficult to stably 
manufacture the single crystal having a given composition 
ratio. In view of the above, in a conventional example, 
oxygen gas is introduced into the core tube (1) from below 
as shown by an arrow x so as to obtain a ferrite having 
a stable composition ratio. 

A general description of a "'Bridgman furnace'' which 
has a basic structure of the above apparatus, and which 
is based upon a material adding system is provided in 
FERRITES: Proceeding of the International Conference, 
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September-October 1980, JAPAN, pp. 722-725, 
^^Composition-Controlled Bridgman Growth of MnZn Ferrite 
Single Crystals" . 

Fig. 1 (p. 723) of this literature shows a schematic 
view of a furnace for manufacturing a single crystal 
according to the Bridgman technique which is a material 
adding system. This figure and its descriptions do not 
disclose any structure of an apparatus for adding a 
material to a primary crucible. However, inventors 
normally use an apparatus shown in Fig. 4 which is a 
longitudinal sectional view of a main part. 

In this apparatus, a secondary crucible (20) is fixed 
to a lower end of a material pellet feeding cylinder (21) . 
A pellet (22) charged into the secondary crucible is 
preliminarily melted, and thereafter, fed to the primary 
crucible (2) . In this apparatus, the pellet (22) charged 
into the secondary crucible (20) is temporarily held on 
a pellet receiving frame (23) in the secondary crucible 
(20), and melted by heat of the furnace. The melted 
material is dropped into a melted material in the primary 
crucible (2) through a through hole (24) and a 
funnel-shaped guide cylinder (25) so as to keep the amount 
of an uncrystallized material substantially constant. 

Such apparatus based on the material adding system 
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can prevent segregation of a single crystal (26) , that is, 
nonunif ormity of a crystal component or occurrence of a 
twin crystal caused by a partial temporal change in 
component which is due to a difference in specific gravity 
or evaporation amount of a composition such as ZnO, MnO, 
and Fe203 Mf^^O^. 

However, in the apparatus of Fig. 4, when the fed 
material pellet (22) is dropped into the secondary crucible 
(20), and collides with the receiving frame (23), a trace 
amount of the pellet receiving frame (23) is scraped away, 
and a platinum powder and the melted material are together 
mixed into the melted material in the primary crucible (2 ) . 

The platinum fine powder mixed into the single 
crystal (26) is dropped from a surface of a wafer or a 
surface of a mirror-finished block in the stage of cutting 
a crystal rod into wafers and mirror finishing the wafers, 
thus leaving a flaw on the wafer or the mirror-finished 
block. Otherwise, the platinum fine powder remains in a 
processed head gap portion, thus deteriorating performance 
of a magnetic head. 

(C) Problems to Be Solved by the Invention 

In view of the above, the present invention is 
directed to providing an apparatus for manufacturing a 
single-crystal ferrite which is free of contamination by 
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a crucible constituent material (platinum) and which 
ensures stable performance. 

(D) Means for Solving the Problems 

A primary crucible is moved toward a 
low-temperature-gradient side in a heating furnace so as 
to single crystallize a melted material accommodated in 
the primary crucible. A secondary crucible having a 
melted material reservoir is positioned in the primary 
crucible. The melted material in the secondary crucible 
can be added to the primary crucible. 

(E) Effects 

Since a material pellet which is dropped into the 
secondary crucible through a feeding cylinder is dropped 
on and absorbed into a melted material remaining in an inner 
container of the secondary crucible, the material pellet 
does not come into direct contact with the secondary 
crucible, and a platinum fine powder are not scraped away 
by shock. In addition, since the material fully melted 
in the secondary crucible is fed to the primary crucible 
from an overflow hole, when the melted material is dropped 
on an uncrystallized material in the primary crucible, no 
large ripple is caused, and the melted material is absorbed 
smoothly, thus making it possible to grow a pure single 
crystal which has no segregation, and which is free of 
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contamination by platinum etc. 
(F) Embodiment 

Referring to Fig. 1 showing a longitudinal sectional 
view of a main part of an apparatus of the present invention, 
one embodiment will be described below. This figure only 
shows a longitudinal sectional view of a main part of an 
apparatus for growing a single crystal positioned in a core 
tube ( (1) of Fig. 3) , more specifically, a primary crucible 
(40) supported by a crucible receiving tool (30), a 
secondary crucible (50) fixed in the primary crucible in 
a suspended state, and a feeding cylinder (60) for feeding 
a material pellet and/or a modified pellet (which will be 
discussed later) to the secondary crucible. 

The primary crucible (40) is made of platinum or 
platinum rhodium. The primary crucible (40) is integrally 
composed of a seed pipe (41), a funnel-shaped portion (42), 
and a cylindrical main body (43) which are listed in order 
of position from low to high. 

The secondary crucible (50) is composed of an 
inverted-cone-shaped platinum inner container (52) having 
an overflow hole (51) in the vicinity of an open end and 
a platinum outer container (54) which is a bottomless 
cylindrical body having a funnel-shaped guide portion (53) 
in a lower portion, and which supports the inner container 
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(52) as shown in the figure, and an alumina protection 
cylinder (55) enclosing the outer container (54) . One end 
of the alumina feeding cylinder is coupled to a material 
pellet feeder or a modif ied-pellet feeder (not shown) , and 
the other end is fixedly positioned in the primary crucible 
(40) so that the other end faces a maximum-temperature 
region of the electric furnace. A cylindrical upper end 
(56) of the outer case of the secondary crucible (50) 
narrows to a small diameter, and is engaged with the lower 
end of the feeding cylinder (60). As a result, the 
secondary crucible (50) is fixed in the 
maximum-temperature region of the electric furnace, 
independently from the main crucible. 

When a Mn-Zn ferrite single crystal single - crystal 
f orritQ is manufactured by using the crucibles of the above 
structures, first, a tip end of the seed pipe (41) is 
charged with a Mn-Zn ferrite single-crystal having a 
desired crystal orientation, and at the same time, the 
primary crucible (40) of which the cylindrical main body 
has a diameter of 70 mm and a length of 225 mm, is charged 
with 1,200 gram of a pellet-like material consisting of 
51 , 1 5 . 11 mol% of Fe203, 17.7 mol% of ZnO, and 31.2 mol% 
of MnO. After the material is fully melted through the 
maximum- temperature region of the core tube, the primary 
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crucible (40) is moved downward toward a 
low-temperature-gradient side at a low speed (1 - 5 
mm/hour) . 

At the same time, a total of 1, 800 gram of material 
pellets (80) are dropped into the secondary crucible (50) 
at a rate of 20 gram per hour. When a small amount of 
material is originally charged into the secondary crucible 
(50) , and a level of a melted material is a little below 
the overflow hole (51) of the inner container (52), even 
if thereafter, an additional pellet is fed and dropped 
along the feeding cylinder ( 60 ) , there is no possibility 
that the additional pellet comes into direct contact with 
an inner wall of the inner container (52) per se or the 
outer container (52), thus scraping away and scattering 
a platinum fine powder* The additional material melted 
in the inner container (52) overflows from the overflow 
hole (51), and flows along the inner wall of the outer 
container (54), and drops into a substantially center 
portion of the melted material (70) in the primary crucible 
(40) through the funnel-shaped guide portion (53) . As the 
primary crucible (40) is lowered, and an upper portion of 
the seed pipe (41) reaches a low-temperature region, a 
single crystal is continuously grown after the crystal seed. 
Since additional pellets are fed, the amount of an 
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uncrystallized melted liquid material in the primary 
crucible remains constant. 

Further, when a ZnO component is excessively 
evaporated in a single-crystal growing process, a modified 
pellet having a larger amount of a ZnO component is mixed 
and added into a melted material so as to increase the ZnO 
component and to supplement the evaporated component. 

Since the melted material becomes appropriately 
uniform because of the ripple of the dropped melted 
material, and at the same time, the evaporated ZnO 
component is supplemented, a composition of the melted 
liquid material remains uniform over time. Accordingly, 
the grown single crystal has no segregation, and a 
compositional ratio of the single crystal does not 
fluctuate . 

(G) Advantageous Results of the Invention 

According to the present invention, it becomes 
possible not only to manufacture a pure single crystal free 
of contamination by platinum which is a material for the 
crucible, but also to manufacture a uniform single-crystal 
rod free of segregation. In addition, when the modified 
pellet is used, compositional uniformity can be 
substantially improved as shown by a solid line in Fig. 
2 which is a composition diagram as compared with a 
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conventional example (a dotted line) . 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 2 are related to the present invention. 
Fig. 1 is a perspective view of a main part of an apparatus. 
Fig. 2 is a composition diagram. 

Figs. 3 and 4 are related to a conventional example. 
Fig. 3 is a longitudinal sectional view of a main part of 
a crucible. Fig. 4 is a longitudinal sectional view of 
a main part of a crucible. 
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